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1. 

METHOD AND APPARATUS FOR LOCATING 
A GOLF BALL WITH DOPPLER RADAR 

BACKGROUND 

The description herein relates to method and apparatus for 
locating a stationary golfball with Doppler radar based upon 
inherent characteristics found in ordinary, commercially 
available golf balls. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram showing hardware components 
of an exemplary golfball locating device including a Doppler 
radar; 

FIG. 2 is a flow chart displaying the steps involved in 
processing reflected radar signals in the exemplary golfball 
locating device; 

FIG. 3 is graph of raw data corresponding to a reflected 
radar signal received by the exemplary golf ball locating 
device with no golfball present in a target area; 

FIG. 4 is a graph of a fast Fourier transform result of the raw 
data of FIG. 3; 

FIG. 5 is graph of raw data corresponding to a reflected 
radar signal received by the exemplary golf ball locating 
device with a golfball present in a target area; 

FIG. 6 is a graph of a fast Fourier transform result of the raw 
data of FIG. 5; and 

FIG. 7 is a flow chart displaying the steps involved in 
setting lower and upper thresholds for locating a golfball for 
the exemplary golf ball locating device. 

DETAILED DESCRIPTION OF EMBODIMENTS 

As shown in the schematic hardware diagram of FIG. 1, a 
golfball locating device 20 comprises a Doppler radar trans 
ceiver 22 with a microwave oscillator antenna/shield adapted 
to transmit a radar signal to a target area and receive a portion 
of the reflected radar signal. The locating device 20 also 
includes signal conditioning components 24. Such as an 
inverter 26, first and/or second resistive/capacitive (RC) 
filter(s) 28.30, and a gain adjustment 32. The signal condi 
tioning components 24 condition the reflected portions of the 
transmitted radar signal into an analog signal adapted for 
further processing by a microcontroller 34. 
The microcontroller 34 comprises digital and analog inputs 

and outputs, and is adapted to execute an analysis algorithm 
that distinguishes a portion of the reflected radar signal 
returned by a golfball from signals returned by other objects. 
The microcontroller 34 may be programmed with instruc 
tions to acquire analog signals from the signal conditioning 
components and perform a fast Fourier transform (FFT) on 
the data in near real time as the analog signals are acquired 
from the signal conditioning components. 
The microcontroller 34 performs an FFT that maps the 

analog signal time domain data into a frequency domain. The 
analog signal sampled overtime comprises time domain data. 
Through the FFT, the analog time domain data is mapped into 
the frequency domain thereby isolating frequency compo 
nents from each other, and enabling the identification of the 
magnitude of each frequency component. The analog signals 
from the signal conditioning components may be modeled 
using the equation 

where x(t)=time domain continuous signal; ffrequency; 
e-inverse natural logarithm of 1; it Square root of negative 1: 
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2 
t=time; and X(f)=the continuous Fourier transform of the 
time domain function x(t). The microcontroller collects dis 
crete data and performs an FFT using the principles of the 
Cooley and Tukey fast Fourier transform. Thus, the micro 
controller performs the following equations in processing the 
analog signals received from the signal conditioning compo 
nents 24: 

W 

where X(i) discrete (sampled) time domain signal; 
N number of data points in sample; R real component num 
berk of the result of the Fourier transform; and I imaginary 
component numberk of the result of the Fourier transform. 

Using the above described algorithms, and further process 
ing as described below in greater detail and shown in FIG. 2, 
the microcontroller 34 may then be configured to generate a 
target acquisition signal that enables an indicator 36 on the 
locating device, for instance, an audio and/or visual indicator, 
to indicate to the user the presence of a golf ball in a target 
area, as applicable. 

In operation, the golf ball locator device 20 may waved or 
swept in a direction, preferably in a generally vertical path 
along a bearing, where the golfball is thought to be generally 
located. During the waving, the Doppler radar is activated. 
The microwaves are transmitted by means of an antenna 
housed within a microwave oscillator shield of the locator 
device. The microwaves reflect from objects in their path, and 
the reflected microwaves are received by the antenna. The 
transceiver calculates the speed of the antenna relative to the 
object using the difference in frequency between the trans 
mitted and received microwaves. Because the target com 
prises a stationary golfball, the relative speed is created from 
the motion of the antenna as the user Sweeps or waves the 
locator device in the direction of the searchfield or target area. 

FIG. 2 provides a more detailed description on the steps 
involved in target acquisition and signal processing. The 
transceiver generates an analog output Voltage corresponding 
to the relative difference in frequencies. This analog Voltage 
signal may be received by the microcontroller 34 through an 
analog input point 50. The microcontroller may be pro 
grammed to take a selected number of samples of the analog 
Voltage signals at a selected Sampling rate, thus, enabling 
windowing of the analog Voltage signals. Each sample or 
window of data may comprise a data set. The microcontroller 
performs an FFT process 52 on the data set with the result of 
the FFT representing a power spectrum of the raw data. The 
FFT maps data collected in the time domain to the frequency 
domain. 

For instance, the microcontroller may be programmed to 
take four hundred samples of speed correlated data at a sam 
pling rate of approximately 500 Hz, and the microprocessor 
may receive the information in via a 10 bit or 12 bit analog 
input. A microcontroller commercially available as a Micro 
mint Eagle 50 from Micromint USA, LLC of Lake Mary, Fla., 
proved effective in processing data using the methods 
described herein. 

FIGS. 3-6 provide visual representations of the data 
received and processed by the microcontroller 34. Data in the 
time domain may be plotted as a series of coordinate pairs 
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(d), each pair representing one data point or measurement. 
Once the data has been transformed into the time domain via 

the FFT, it may be plotted as a series of data points (m). The 
variable (m) represents the magnitude of each frequency 
component in the signal and the variable (f) represents the 
frequency at which that magnitude appears. In each of the 
graphs shown in FIGS. 3-6, the radar transceiver operated at 
2.6 GHz and a wavelength of 1.097x10" meters. The micro 
controller obtained 400 samples at a sampling rate of approxi 
mately 500 Hz. 50 data sets were obtained. A radar with 
characteristics similar to a commercially available radar kit 
model Ramsey SG7 from Ramsey Electronics, Inc. of Victor, 
N.Y., proved effective in employing the methods described 
herein. In each of the graphs of FIGS. 3 to 6, the vertical axes 
is expressed in “counts.” For purposes of illustration and not 
in any limiting sense, the data is expressed in this format 
based upon the hardware incorporated in the locator device. 
As mentioned previously, a microprocessor Such as a Micro 
mint Eagle 50 may be used. This device incorporates a 10 bit 
analog input. For a 10 bit analog input incorporated into a 
microcontroller, one count is equal to one subdivision of 2' 
Subdivisions of the entire signal range, or approximately 
0.000977 of the signal range. 

FIG. 3 shows raw data comprising approximately 20000 
measurements of received analog radar signals reflected from 
a target area where no golfball is present. As shown in FIG. 
3, the signals are fairly random with wide variation (-2520 to 
-2590). FIG. 4 shows the FFT result of the same 20000 data 
points. FIG. 5 shows raw data comprising approximately 
20000 measurement analog radar signals reflected from a 
target area with a golf ball present. As shown in FIG. 5, a 
majority of the data points have little variation (-2590-2550) 
corresponding to areas 80 (i.e., lands) between adjacent 
dimples of the golf ball. Areas of relatively larger variation 
(-2275 to ~2590) correspond to the dimple or concave sur 
faces of the golfball. FIG. 6 shows the FFT result of the same 
20000 data points. 

Referring to FIG. 2, the microcontroller is preferably con 
figured to average the FFT result from each consecutive data 
set or window in order to characterize each data set by a single 
number. The averaging process 56 eliminates noise and 
enables the determination of the presence of a target (i.e., gold 
ball) in the target area. For instance, FIG. 2 shows the FFT 
calculation process 52 for each window, the FFT summing 
process 54 for twenty consecutive windows, and the averag 
ing process 56 of the twenty FFT results to determine the 
presence of a golfball in the target area. 
The microcontroller is preferably configured to compare 

the average of the FFT results against a lower and an upper 
threshold. The comparison process 58 establishes whether a 
golf ball is present in the target area. The lower and upper 
limits may be defined by the user or may be automatically set, 
for instance, through auto-tuning sequence as shown in FIG. 
7. If the average of the FFT results falls inside the window 
defined by the user, for instance, above the lower threshold 
limit and/or below the upper threshold limit, then the micro 
controller is enabled to generate a target acquisition signal 60 
that is received by the indicator 36 indicating to the user a 
positive target presence (i.e., golf ball) in the target area. An 
average FFT result below the lower threshold indicate no 
significant returned signal, and the microprocessor is config 
ured to begin again the process of sampling analog radar 
signals. An average FFT result above the upper threshold 
indicate the presence of an object (coin, nail, etc.) other than 
a golf ball, and the microprocessor is configured to begin 
again the process of sampling analog radar signals. 
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4 
The thresholds (lower and upper) may be set manually by 

via switches 72.74 (FIG. 1) mounted on the locating device, 
for instance, a pistol grip of the device. The Switches may be 
activated prior to the user beginning a Sweep of the target area. 
The user may sweep a non-target area to establish the thresh 
olds prior to Sweeping the target area. Preferably, the non 
target area has environmental characteristics similar to the 
target area. 

Alternatively, the thresholds may be set using an auto 
tuning routine incorporated in the microcontroller software. 
FIG. 7 shows a flowchart of the steps involved in the auto 
tuning routine. The auto-tuning routine comprises a data col 
lection process similar to that described previously where the 
microprocessor 34 is enabled to perform a sampling process 
90 in which analog signals are received from the analog input 
50. Preferably, 400 samples are obtained, and thereafter, the 
microcontroller 34 is configured to set the lower threshold at 
a level slightly greater than that of the background noise 92. 
and the upper threshold based upon the maximum variation in 
the collected data 94. The upper and lower thresholds may 
vary depending upon environment conditions, such as Soil 
composition, clay content, rocks, moisture levels, wind, 
blowing grass, etc. 
As the transmitter/receiver is swept while searching for the 

target, the average FFT result will be different depending on 
whether the target is present. If the target is present, then the 
dimples on the golfball create a reflected radar analog signal 
with an average FFT result having a magnitude slightly 
higher than background reflected signals. The magnitudes 
may be representative of frequencies corresponding to the 
spacing of the dimples. Although the magnitude of the analog 
signal may also correspond to the speed at which the locator 
device is swept, the same user will generally perform a 
Sweeping motion in the same fashion as the locating device is 
used and as the upper and lower thresholds are set. Thus, 
variation from the sweeping motion may be effectively elimi 
nated through consistent Sweeping motion during initial set 
ting of the thresholds and later operation. The average FFT 
result tends to be distributed relatively randomly when no 
target is present. When a target is present, the average FFT 
result tends to lie between lower and upper threshold values. 
With the radar operating parameters described above, the 
difference in average FFT results returned by a golf ball and 
the average FFT results returned in a non-target are corre 
sponds to roughly 80 units of magnitude, for instance, as 
shown in FIG. 7, the lower threshold is set at approximately 
20 units of magnitude above background noise levels, and the 
upper threshold is set at approximately 100 units of magni 
tude above the lower threshold. The target acquisition signal 
indicating the presence of a golf ball in the target area may 
also be generated without regard to one threshold. For 
instance, the microcontroller may be configured to generate 
the target acquisition signal is if the average FFT result is 
above the lower threshold without regard to the upper thresh 
old. Likewise, the microcontroller may be configured togen 
erate the target acquisition signal is if the average FFT result 
is below the upper threshold without regard to the lower 
threshold. 

Although operation is subject to variations in user tech 
nique and environmental conditions, tests using a radar with 
the operating parameters described above in field conditions 
using both dry and wet soil, and with/without the presence of 
false targets such as coins, nails, screws, limestone, and iron 
pyrite, were successful in identifying true targets, and reject 
ing false targets, including at ranges up to 17 feet. 
AS Various modifications could be made in the construc 

tions and methods herein described and illustrated without 
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departing from the scope of the invention, it is intended that 
all matter contained in the foregoing description or shown in 
the accompanying drawings shall be interpreted as illustrative 
rather than limiting. Thus, the breadth and scope of the 
present invention should not be limited by any of the above 
described exemplary embodiments, but should be defined 
only in accordance with the following claims appended 
hereto and their equivalents. 

What is claimed is: 
1. A method comprising: 
transmitting a doppler radar signal into an target area by 
moving a transmitter of the radar signal across the target 
area, 

receiving reflected portions of the radar signal from the 
target area; 

processing the reflected portions of the radar signal by 
windowing analog signals representative of the reflected 
portions of the radar signal, performing a fast Fourier 
transform on the windowed analog signals to produce an 
FFT result for each window, and obtaining the average 
of the FFT results from consecutive windows; and 

indicating to the user a golf ball present in the target area 
when the average of the FFT results corresponds to 
characteristics of a golf ball. 

2. The method of claim 1 further comprising: 
establishing a lower threshold based upon a level of back 

ground noise from a sample of reflected portions of a 
radar signal directed to a non-target area having envi 
ronmental characteristics similar to the target area. 

3. The method of claim 2 further comprising: 
indicating to the user the presence of the golfball when the 

average of the FFT results is above the lower threshold. 
4. The method of claim 1 further comprising: 
establishing an upper threshold based upon a maximum 

variation in a sample of reflected portions of a radar 
signal directed to a non-target area having environmen 
tal characteristics similar to the target area. 

5. The method of claim 4 further comprising: 
indicating to the user the presence of the golfball when the 

average of the FFT results is below the upper threshold. 
6. The method of claim 1 wherein the characteristics of the 

golfball comprise a spacing of the dimples on the golfball. 
7. A method comprising: 
transmitting a doppler radar signal in a target area by mov 

ing a transmitter of the radar signal across the target area; 
receiving reflected portions of the radar signal from the 

target area; 
processing the reflected portions of the radar signal by 
windowing analog signals representative of the reflected 
portions of the radar signal, performing a fast Fourier 
transform on the windowed analog signals to generate an 
FFT result for each window, and obtaining the average 
of the FFT results from consecutive windows; and 

indicating to the user a golf ball present in the target area 
when the average FFT result falls within a user defined 
window, the user defined window being based upon 
predetermined results representative of reflected radar 
signals corresponding to characteristics of a golfball. 

8. The method of claim 7 wherein the user defined window 
includes a lower threshold based upon a level of background 
noise from a sample of reflected portions of a radar signal 
directed to a non-target area having environmental character 
istics similar to the target area. 

9. The method of claim 7 wherein the user defined window 
includes an upper threshold based upon a maximum variation 
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6 
in a sample of reflected portions of a radar signal directed to 
a non-target area having environmental characteristics simi 
lar to the target area. 

10. The method of claim 7 wherein the predetermined 
results are representative of reflected radar signals corre 
sponding to a spacing of dimples on the golfball. 

11. A system comprising: 
a doppler radar transceiver adapted to transmit a radar 

signal into a target area and receive reflected portions of 
the radar signal from the target area; 

a processor configured to: (i) window analog signals rep 
resentative of the reflected portions of the radar signal; 
(ii) perform a fast Fourier transform on the windowed 
analog signals to generate an FFT result for each win 
dow; and (iii) average the FFT results from consecutive 
windows; and 

a indicator indicating to the user a golfball present in the 
target area when the average of the FFT results falls 
within a user defined window, the user defined window 
being based upon predetermined results representative 
of reflected radar signals corresponding to characteris 
tics of a golf ball when the transceiver is moved across 
the target area. 

12. The system of claim 11 wherein the user defined win 
dow includes a lower threshold based upon a level of back 
ground noise from a sample of reflected portions of a radar 
signal directed to a non-target area having environmental 
characteristics similar to the target area. 

13. The system of claim 11 wherein the user defined win 
dow includes an upper threshold based upon a maximum 
variation in a sample of reflected portions of a radar signal 
directed to a non-target area having environmental character 
istics similar to the target area. 

14. The system of claim 11 wherein the predetermined 
results are representative of reflected radar signals corre 
sponding to a spacing of dimples on the golfball. 

15. A system comprising: 
a doppler radar transceiver adapted to transmit a radar 

signal into a target area and receive reflected portions of 
the radar signal from the target area; 

a processor configured to: (i) window analog signals rep 
resentative of the reflected portions of the radar signal; 
(ii) perform a fast Fourier transform on the windowed 
analog signals to generate an FFT result for each win 
dow; and (iii) average the FFT results from consecutive 
windows; and 

an indicator configured to indicate to the user a golf ball 
present in the target area when the average of the FFT 
results corresponds to characteristics of a golfball when 
the transceiver is moved across the target area. 

16. The system of claim 15 wherein the processor is further 
configured to establish a lower threshold based upon a level of 
background noise from a sample of reflected portions of a 
radar signal directed to a non-target area having environmen 
tal characteristics similar to the target area. 

17. The system of claim 16 wherein the indicator indicates 
to the user the presence of the golf ball when the average of 
the FFT results is above the lower threshold. 

18. The system of claim 15 wherein the processor is further 
configured to establish an upper threshold based upon a maxi 
mum variation in a sample of reflected portions of a radar 
signal directed to a non-target area having environmental 
characteristics similar to the target area. 

19. The system of claim 18 wherein the indicator indicates 
to the user the presence of the target when the average of the 
FFT results is below the upper threshold. 

20. The system of claim 15 wherein the characteristics of 
the golfball comprise a spacing of dimples on the golfball. 
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